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3 MATERIALS AND METHODS 
 
3.1 Materials 
 
The sample of catalyst used in this experiment is Co/EFB clinker catalyst and Ni/EFB 
clinker catalyst. All the materials required for preparing this catalyst such as Co and Ni 
are supplied by Sigma-Aldrich Sdn. Bhd while EFB clinker is sourced from MPOB (cf. 
Table 3.1). 
Table 3.1: List of chemical and its purity 
Chemical Purity 
Cobalt nitrate hexahydrate 
(Co(NO3)2∙6H2O) 
 
>98% 
Nickel nitrate hexahydrate 
(Ni(NO3)2∙6H2O) 
 
>98% 
Empty Fruit Bunch (EFB) Clinker - 
 
Reactants in gaseous form required in the current work are methane (CH4) and carbon 
dioxide (CO2) supplied by Air Products which are available in the gas laboratory. The 
purity is as summarized in Table 3.2. 
Table 3.2: List of gases and its purity 
Gases Purity 
Methane (CH4) 
 
>98% 
Carbon dioxide (CO2) >98% 
3.2 Catalyst Physicochemical Characterization 
Catalyst characterization provides necessary information on the physicochemical 
properties of the catalyst. The information from various characterization techniques is 
essential to gain the understanding of the physicochemical attributes in relation to the 
catalytic dry reforming performance. The following section describes the fundamental 
theory and concepts of various characterizations methods used in this work. 
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Eq. (3-1) 
 
3.2.1 Brunauer-Emmett-Teller (BET) 
The BET-specific surface area and pore-size distribution of the freshly calcined catalysts 
were obtained with multipoint Brunauer-Emmett-Teller (BET) method. The raw iso-
therm data were sourced from liquid N2 physisorption at 77 K in a Thermo Scientific 
Surfer Gas Adsorption Porosimeter unit. Prior to the analysis, the fresh catalysts were 
pre-treated overnight under vacuum at 573 K. 
 
Brunauer-Emmett-Teller (BET) is the most widely used method to determine the specific 
surface area of a powder (Brunauer et al., 1938). Since the catalyst synthesized in this 
work is in powder form, BET is the most suitable method to obtain the specific surface 
of a powder. The specific surface area of a powder is usually determined by physical 
adsorption of gas on the surface of the solid and by calculating the amount of adsorbate 
gas corresponding to a monomolecular layer on the surface. Physical adsorption results 
from relatively weak forces (van der Waals forces) between the adsorbate gas molecules 
and the adsorbent surface area of the test powder. The determination is usually carried 
out at the temperature of liquid nitrogen. The amount of gas adsorbed can be measured 
by a volumetric or continuous flow procedure. 
 
For multi-point measurements, the data are treated according to the BET adsorption 
isotherm equation which is derived for multilayer adsorption and based on the 
relationship between the volume of gas physically adsorbed and the total area of 
adsorbent, equation as shown in Eq. (3-1): 
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P = Partial vapour pressure of adsorbate gas in equilibrium with the surface at 
77.4K (b.p. of liquid nitrogen), in pascals. 
P0 = Saturated pressure of adsorbate gas, in pascals 
Va = Volume of gas adsorbed at standard temperature and pressure (STP) 
[273.15K and atmospheric pressure (1.013 × 105 Pa), in millilitres. 
VM = Volume of gas adsorbed at STP to produce an apparent monolayer on the 
sample surface, in millilitres. 
C = Dimensionless constant that is related to the enthalpy of adsorption of the 
adsorbate gas on the powder sample. 
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Eq. (3-2) 
 
Eq. (3-3) 
 
Eq. (3-4) 
 
A value of Va is measured at each of not less than 3 values of P/P0. The Eq. (3-2) shows 
the BET determination:  
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Then the BET value is plotted against P/P0 according to equation (3.1). This plot should 
yield a straight line usually in the approximate relative pressure range 0.05 to 0.3. The 
data are considered acceptable if the correlation coefficient, r of the linear regression is 
not less than 0.9975; that is, r2 is not less than 0.995. From the resulting linear plot, the 
slope, which is equal to (C – 1)/ VMC, and the intercept, which is equal to 1/ VMC, are 
evaluated by linear regression analysis. From these values, VM is calculated as 1/ (slope 
+ intercept), while C is calculated as (slope / intercept) +1. From the value VM determined, 
the specific surface area, S, in m2∙g-1, is calculated by the equation as in Eq. (3-3): 
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N = Avogadro constant (6.022 × 1023 mol-1) 
a = Effective cross-sectional area of one adsorbate molecule, in square metres 
(0.162nm2 for nitrogen and 0.195nm2 for krypton) 
m = Mass of test powder, in grams 
22400 = Volume occupied by 1 mole of the adsorbate gas at STP aloowing for 
minor departures from the ideal, in millilitres. 
 
A minimum of 3 data points is required. Besides, additional measurements might be 
required when non-linearity is obtained at a P/P0 value close to 0.3. Furthermore, due to 
non-linearity is often obtained at a P/P0 value below 0.05, values in this region are not 
recommended.  
 
Normally, at least 3 measurements of Va each at different values of P/P0 are required for 
the determination of specific area by either the dynamic flow gas adsorption technique or 
volumetric gas adsorption technique. However, under certain circumstances that will be 
discussed later, it is viable to determine the specific surface area of a powder using the 
single-point method where a single value of Va measured at a single value of P/P0 such 
as 0.300 (corresponding to 0.300 mole of nitrogen or 0.001038 ole fraction of krypton), 
using the following equation for calculating VM: 
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